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Photoluminescence (PL) and circularly polarized luminescence (CPL) spectra in solution states were recorded at room temperature on a JASCO CPL-300 with 1.0 mm in path length quartz cell (GL Sciences, UV-grade). A drop-and spin-coated films prepared on a quartz substrate (Daico MFG, USQ-grade) from a chloroform solution of polymers (ca. 10 mg mL -1 ) was used for solid-state spectral measurements. A scanning rate of 100 nm min -1 , an excitation slit width of 3000 µm, a monitoring slit width of 3000 µm, a response time of 4 seconds and 2 times (solution state) or single (film state) accumulation were employed.
Synthesis
Model compounds (model-TR, model-PhR and di-model-TR), (aS)-3 and ternary copolymers (poly-TR′ and poly-TR′′) were synthesized according to Scheme S1.
Scheme S1 Synthesis of (A) the unimer model compounds (model-TR and model-PhR), (B) the dimer model compound (di-model-TR), (C) (aS)-3 and (D) the ternary copolymers (poly-TR′ and
poly-TR′′). Hz, 1H, CH).
(aR)-2. To a solution of (aR)-1 (1.62 g, 2.46 mmol) in acetonitrile/water (300:1, v/v) (66 mL)
was added HClO4-SiO2 (2.2 g). After stirring at room temperature for 1 h, the reaction mixture was diluted with ethyl acetate and passed through a short pad of silica gel using ethyl acetate as the eluent to remove HClO4-SiO2. After removing the solvent by evaporation, the crude product was purified by silica gel chromatography using ethyl acetate/hexane (2:1, v/v) as the eluent to give the desired product as a yellow solid (1.23 g, 88% yield). (aR)-3. To a solution of (aR)-2 (0.68 g, 1.20 mmol), 4,7,10,13-tetraoxatetradecanoic acid (0.51 mL) and DMAP (0.33 g, 2.7 mmol) in dichloromethane (12 mL) was added EDC-HCl (0.51 g, 2.7 mmol) at 0 °C under a nitrogen atmosphere. After stirring at room temperature for 5 h, the reaction system was diluted with ethyl acetate and the solution was washed with 1 N HCl aqueous solution and water, and then dried over Na2SO4. After filtration, the solvent was removed by evaporation and the crude product was purified by silica gel chromatography using ethyl acetate as the eluent to
give the desired product as a yellow viscous oil (0.54 g, 45% yield 08, 170.03, 162.68, 161.56, 138.25, 136.91, 131.45, 130.27, 114.72, 97.05, 75.82, 74.26, 72.17, 70.82, 70.76, 70.69, 70.59, 70.56, 68.00, 67.79, 66.66, 66.57, 62.15, 55.76, 35.31, 35.09. IR (KBr, 04, 170.12, 159.66, 158.90, 141.22, 140.12, 132.51, 132.43, 132.31, 132.23, 113.66, 113.16, 96.31, 96.21, 72.24, 70.92, 70.88, 70.86, 70.82, 70.75, 70.65, 70.58, 70.48, 69.74, 69.67, 69.62, 69.46, 69.41, 67.25, 67.15, 66.74, 66.66, 66.56, 66.52, 66.46, 66.39, 62.19, 62.11, 62.01, 59.12, 55.36, 35.15, 35.10, 35.03 6a. To a solution of 5,5′-dibromo-2,2′-bithiophene-3,3′-dicarboxylic acid (120 mg, 0.29 mmol), tetraethylene glycol monomethyl ether (0.11 mL, 0.56 mmol) and DMAP (78 mg, 0.64 mmol) in dichloromethane (3 mL) was added EDC-HCl (123 mg, 0.64 mmol) at 0 °C under a nitrogen atmosphere. After stirring at room temperature for 16 h, the reaction system was diluted with ethyl acetate and the solution was washed with 1 N HCl aqueous solution and water, and then dried over Na2SO4. After filtration, the solvent was removed by evaporation and the crude product was purified by silica gel chromatography using ethyl acetate as the eluent to give the desired product as a colorless viscous oil (80 mg, 35% yield). 20, 139.87, 132.68, 132.17, 113.52, 72.25, 70.92, 70.89, 70.84, 70.77, 69.04, 64.36, 59.12 6b-prec-2. To a solution of 6b-prec-1 (300 mg, 0.454 mmol) in acetonitrile/water (300:1, v/v) (12 mL) was added HClO4-SiO2 (400 mg). After stirring at room temperature for 1 h, the reaction S-6 mixture was diluted with ethyl acetate and passed through a short pad of silica gel using ethyl acetate as the eluent to remove HClO4-SiO2. After concentrating in vacuo, the crude product was passed through a short pad of silica gel using ethyl acetate/hexane (2:1, v/v) as the eluent and the solvent was removed under a reduced pressure to give the crude 6b-prec-2 as a colorless viscous oil (151 mg), which was used for the next step without further purification.
6b. To a solution of 6b-prec-2 (151 mg), 4,7,10,13-tetraoxatetradecanoic acid (0.14 mL, 0.58 mmol) and DMAP (71 mg, 0.58 mmol) in dichloromethane (3 mL) was added EDC-HCl (111 mg, 0.58 mmol) at 0 °C under a nitrogen atmosphere. After stirring at room temperature for 16 h, the reaction system was diluted with ethyl acetate and the solution was washed with 1 N HCl aqueous solution and water, and then dried over Na2SO4. After filtration, the solvent was removed by evaporation and the crude product was purified by silica gel chromatography using ethyl acetate as the eluent to give the desired product as a colorless viscous oil (171 mg, 37% yield over 2 steps).
[a] 25 D +77.5 (c 0.2, CHCl3 17, 170.31, 160.62, 135.31, 135.00, 133.07, 132.93, 130.52, 130.48, 130.44, 130.40, 113.38, 113.35, 97.28, 97.14, 72.25, 72.14, 71.08, 71.03, 70.96, 70.90, 70.84, 70.78, 70.67, 70.53, 68.60, 68.51, 67.80, 67.72, 66.75, 66.68, 66.59, 66.52, 66.46, 62.39, 62.33, 62.27, 59.11, 55.79, 35.32, 35.27, 35.23, 35.16 3.75 (t, J = 6.6 Hz, 2H, CH2), 20H, CH2), 4H, CH2) 16, 170.07, 138.99, 135.49, 135.32, 128.37, 128.32, 126.35, 126.25, 125.50, 125.45, 97.22, 72.24, 72.21, 70.87, 70.80, 70.76, 70.70, 70.65, 68.27, 67.78, 66.73, 66.64, 62.29, 59.09, 55.78, 35.40, 35.14 170.10, 145.79, 132.92, 132.82, 129.42, 129.39, 128.97, 126.23, 126.19, 97.30, 97.24, 72.21, 70.87, 70.76, 70.65, 68.35, 67.78, 66.74, 66.63, 62.31, 59.09, 55.77, 35.41, 35.14 poly-PhR. The title compound was prepared from (aR)-3 and 1,4-bis(tributylstannyl)benzene (5) in the same way as poly-TR and obtained in 57% yield as a yellow solid. 
All-atom molecular dynamics simulation
An all-atom molecular dynamics (MD) simulation was carried out using the Forcite module of the . Sequentially, the geometry of the MD cell was optimized.
Simulation in the NVT ensemble (constant number of atoms, volume and temperature) was conducted at 298 K for 20 ps (time step of 0.2-fs, 100,000 steps) and the NPT ensemble (constant number of atoms, pressure and temperature) was conducted at pressure of 1.013 × 10 −4 GPa and at 298 K for 3,000 ps (time step of 1.0-fs, 3,000,000 steps) to equilibrate the MD cell. The Nose thermostat was used to control the temperature. The Berendsen barostat was used to control the pressure. After the equilibration at 298 K, simulation in the NVE ensemble (constant number of atoms, volume and energy) was conducted for 2,000 ps (time step of 1.0-fs, 1,000,000 steps) as the production run. The Universal forcefield was used, and the charges were assigned by the Gasteiger.
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Supporting data Chloroform solvent molecules are omitted to simplify the view. 1 H NMR (500 MHz, CDCl3, rt) spectrum of (aR)-1.
Fig. S18
1 H NMR (500 MHz, CDCl3, rt) spectrum of (aS)-1. 
Fig. S19
1 H NMR (500 MHz, CDCl3, rt) spectrum of (aR)-2. 
Fig. S21
1 H NMR (500 MHz, CDCl3, 55 °C) spectrum of (aR)-3.
Fig. S22
13 C NMR (CDCl3, 126 MHz, 55 °C) spectrum of (aR)-3. 
Fig. S23
1 H NMR (500 MHz, CDCl3, 55 °C) spectrum of (aS)-3.
Fig. S24
13 C NMR (CDCl3, 151 MHz, 55 °C) spectrum of (aS)-3. 
Fig. S31
1 H NMR (500 MHz, CDCl3, 55 °C) spectrum of model-PhR. 
Fig. S37
1 H NMR (500 MHz, CDCl3, 55 °C) spectrum of poly-PhR. poly-PhR
